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Preface

The model presented here attempts to measure the ability of agricultural growth to generate
employment in Rwanda. It constitutes an aternate approach to the one discussed in APD Research
Report No. 13, entitled “How Much Employment Can Rapid Agricultural Growth Generate? —
Sectord Policies for Maximum Impact in Rwanda” (Mellor 2002a). That paper (referred to as the
‘basic paper’) states a strategy for achieving rapid agricultural growth, calculates the input and
commaodity composition of a high growth rate in agriculture, and provides details of the strategy for
achieving a high growth rate! The basic paper takes a high agricultural growth rate as given and
calculates the impact of that growth on employment.

Consigtent with alarge literature on the subject, both the model and approach taken in the basic paper
emphasize the indirect effects of agricultural growth on employment. That is, they highlight the effect
of increased demand generated by agricultural growth for the products of the employment-intensive,
rural, non-farm sector. We compare that effect with the impact of urban, formalsector growth on
employment.

The basic paper assumes a perfectly elastic supply of labor and, therefore, that there is no restraint
from rising wages, and hence rising prices on growth of the non-tradable sector. That assumption is
consistent with the full employment of labor, but also with the potential to increase the productivity of
labor. The approach of the basic paper is static; in other words, it does not alow for smultaneity, or
for transfer of resources from one sector to another.

The model presented here, however, takes an dternative approach to calculating the impact of
agricultural growth on employment. Instead of a growth accounting framework, it formulates a three-
sector model with Cobb-Douglas production functions. The objective is the same in the two papers;
Namely, it seeks to measure the impact of agricultural growth on employment with emphasis on the
impact generated by increased demand for the products of the employment-intensive, rural, norn-farm
sector. The three-sector model formulated, has al the usua assumptions of a neo-classical model.
Those assumptions are similar to those implicit in IMF and World Bank recommendations. That is,
that all resources, including labor, are fully employed, perfect knowledge of al relevant economic
variables, complete mobility of factors of production, and completely open international markets for
tradable commodities.

Those assumptions are not as unreasonable as they may seem at first glance. The most glaring
apparent discrepancy is with respect to unemployment. But, in practice low-income laborers cannot
afford to be unemployed. They use much of their time in job search (which may count as
unemployment in government statistics but which does after all represent activity to increase income)
and low-productivity, gathering activities. The neoclassical model accommodates that circumstance
with alow real wage rate. The high wages in urban formal sector employment are due to the human
capital that is required plus a premium to ensure stability of the labor force for the very high cost
capital that is combined with that labor. The growth model has three main advantages: (1) it
simplifies to focus on the key relationships; (2) it can accommodate simultaneity and thus capture

1 That strategy isin the context of the Government of Rwanda' s basic emphasis on commercialization and

intensification asthe twin pillars of accelerated agricultural growth and the commodity priorities delineated
by the Rwandan Parliament.
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complexities of resource transfers across sectors that make it more redistic than the growth
accounting framework; and (3) it has a much more rigorous, internally-consistent framework than the
growth accounting approach.

In fact, the two approaches give generally similar results. The neo-classical, three-sector model shows
a larger growth in the demand for labor and hence in wage rates than implied in the growth-
accounting framework approach. It also provides moderately higher growth rates for al sectors
except agriculture, than do the estimates presented in the basic paper. Agriculture grows somewhat
more slowly in the three-sector model because labor is pulled out of agriculture more rapidly than is
the case in the basic paper, which does not alow for shift of factors of production across sectors. All
these differences are largely due to the perfect mobility of factors of production.

The third paper in this sat, entitled “Productivity-Increasing Rural Public Works — An Interim
Approach to Poverty Reduction in Rwanda’ (Mellor 2002b), accepts the employment growth
numbers of the growth accounting framework. However, it starts from an assumption of substantial
unemployment in the rural sector. That assumption reflects the disruptions of the past decade. It
assumes an elevenyear, massive decline in unemployment due to agricultural growth as calculated in
the basic paper. It then postulates a rural public works program that absorbs the remaining
unemployed after five years of rural public works expansion. The rura public works scheme phases
out over the next five years during which agricultural growth alows for the absorption of labor
released from the discontinued rura public works program. The benefit of the rural public works is
not only a much more rapid decline in poverty than would otherwise be possible, but an immense
increase in rural capital. That increase is essential to the continued progress of the agricultura
revolution set forth in the basic paper.

Four other papers are critical complements to this paper. Two are by Gunvant Desai (2002a and
2002b) who lays out the requisites for rapid growth in fertilizer use, assesses progress over the past
two years, and a makes a set of recommendations. In the high-agricultural-growth scenario outlined
by Desa, fertilizer accounts for 75 percent of incremental growth. The other two are by Frans
Goossens (2002) who anayzes the needs for absorbing rapid growth in potato production and by
Charles Crissman (2002) who assesses progress to date with respect to potato production and
marketing and provides recommendations for action for both the short run and the long run. In
Crissman’s high-agricultural-growth scenario, potato is the most responsive crop to fertilizer use and
has the highest growth rate. Crissman, therefore, makes a strong case for improved potato marketing.
Thus, these four papers deal with two critical components of the strategy to achieve high agricultural
growth in Rwanda.

iv Abt Associates Inc.



1. Introduction

Numerous studies show that growth reduces poverty. However, a substantial subset of such studies
show that the structure of growth matters very much to poverty reduction. Some structures reduce
poverty greatly, others hardly at all.

Early analysis by Ahluwalia (1978), and by Méllor and Desai (1985) shows that fluctuations in
poverty in India were largely explained by fluctuations in the agricultural growth rate. Recent work
completed separately by Timmer and Ravallion, analyze the relation between sectoral growth rates
and poverty reduction over time and across geographic regions. Timmer (1997) shows that 85 percent
of poverty reduction is attributable to agricultural growth. Ravallion and Datt (1996) show that rural
growth and agricultural growth have a far greater impact on poverty reduction than does urban,
industrial, or large-scale tertiary growth. These same studies show that there is alag in the reduction
of poverty from agricultural growth and that the impact on poverty of agricultural growth in the
context of highly skewed land distribution is weak. Recently, there has been an international focus on
absolute poverty. However, lifting large numbers of people out of poverty will occur by increasing
the real incomes of those who earn their income largely from their labor. Thus reducing poverty is
roughly synonymous with increasing employment and the wage rate.

Agricultural growth does generate substantial employment in agriculture. That is because the sector is
so large, and despite the fact that agricultural growth must occur primarily through technological
change. Land isimportant in agricultura production and the potentials for expanding the land area are
typically very small. Only sow expansion occurs even under the best of circumstances. The
technological change that relaxes the land constraint not only increases land productivity, but labor
productivity as well. Hence, employment growth in agriculture grows much slower than production
(Rao, 1975). Agriculture's impact on employment is much more through its indirect effects. The
primary source of employment of low-income laborers is in the non-formal sector and the bulk of
non-formal employment, in turn, islocated in the rural sector.

This paper presents a three-sector mathematical model that is consistent with the results of earlier
work that characterized the relationship between agriculture, the non-farm sector and economic and
employment growth. It models the differential impact of acceleration in the agricultural growth rate
on GDP and the demand for labor. The paper first describes the employment and GDP composition of
the urban and rural sectors and the tradable and non-tradabl e sub-sectors within each. Collapsing the
two non-tradable sectors (urban and rural) into one leaves a computable three-sector model. The
paper then presents data on the share of each factor used in each sector’s production as well as the
average and margina expenditure patterns of the recipients of the various factor shares. Focusis on
differences in expenditure on the non-tradable sector.

Contributions to GDP and employment, as well as factor shares condtitute the data required to analyze
the differential impacts on employment produced by growth in agriculture versus the urban, tradable
sector.

The mode presented is based on neo-classical assumptions. That is, that markets work and provide
optimal alocation of resources, that al resources are fully employed, that knowledge is perfect, and
that adjustments to change in prices and resource quantity are instantaneous. It should be noted that
while the principal economic problem of Rwandais conveniently described as one of unemployment,
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the redlity is somewhat different. In fact, only a small percentage of the labor force is actualy
unemployed. The problem is actualy the low return to Bbor, particularly unskilled or semi-skilled
labor. The labor market will tend to pay a higher wage in the more capital-intensive, tradable, urban
sector than in the non-tradable sector partly because of higher skills demanded, but also to ensure a
stable labor force to be combined with costly capital factors. The wage levels in the various sectors
are, of course, linked.

Thus, the economic problem of low returns to unskilled labor will be ameliorated by demand that
grows more rapidly than supply. Increase in the wage rate measures the improvement in the incomes
of the so-called ‘laboring class, in other words, those who have only one factor of production to offer
— labor. The paper therefore compares the effect on the wage rate of growth in the agricultural and
urban tradable sectors.

2. Model Conceptualization

A three-sector model has been constructed that clearly demonstrates the different impacts on
employment generated by growth in the rural, tradable and the urban, tradable sectors. Demand for
output from the two tradable sectors is not constrained by nationa income. They can export what is
not consumed domestically. For those sectors, production is determined by the factors of production -
land, labor, and capita - and by technological change. The growth of the third, so-called non-tradable,
sector is constrained by domestic demand associated with expenditure by the two tradable sectors.
The non-tradable sector cannot export its products because of their low quality and the high cost of
transactions. Since the non-tradable sector employs the magjority of Rwandans, the determinants of
demand for the output of that sector is the prime determinant of growth in the demand for labor, of
wage rates, and, hence, of income of the laboring class.

The model assumes three different production functions for each of the three sectors. In particular, it
assumes that:

1. Land is important to agricultural production, and because of constraint in its supply,
technological change is a major source of agricultural growth. Labor is also a major factor of
production.

2. Urban tradables do not use land. Capital is the dominant factor of production. Labor is of
modest importance.

3. Thenon-tradable sector is simplified to use only labor in its production.

4. Income to labor is the primary source of demand for the non-tradable sector.

Incometo land largely accrues to farmers of modest income and serves as a secondary source

of demand for non-tradables.”

Income to capital, including human capital, is spent on tradables.

7. Not all wage payments are considered as a return to labor. Wage payments in excess of the
farm worker’s wage are considered a return to capita (in particular, human capital) and are
spent like other returns to capital on tradables.

o

o

One could assume that land income had a quite different expenditure pattern to that of labor. For example,
where it accrues to absentee landlords one might assume that it is spent like returns to capital. That would
be consistent with analysis that shows that when land is highly unequally distributed, agricultural growth
has little impact on poverty (Timmer, 1997).

2 Abt Associates Inc.



Thus, the relevance of the model hinges on a large, dominantly rural, non-tradable sector that has a
high factor share to labor and represents a major share of total employment; a tradable agriculture
sector that spends a high proportion of its income on non-tradables; and, a tradable urban sector that
has alow factor share to labor that isin turn the only source of its expenditure on non-tradables.

3. Data

Data presented in table 1 reveals that the Rwandan case largdly fits the assumptions of the model
discussed above. The rural sector is divided into a farm sub-sector (deemed tradable, also called the
“agricultural sector”) and a non-farm sub-sector (deemed non-tradable). The urban economy is
divided into a forma or large-scale sector (deemed tradable) and a non-forma or small-scale sub-
sector (deemed non-tradable). A rura economy in equilibrium will demongtrate rather little idle labor.
Rather, the poor, in particular, will search for employment and engage in gathering activities that
provide minimal income. At present, the major disruptions in the rural economy of Rwanda result in
substantial open unemployment. Thus, a model that assumes no unemployment better describes the
pre-genocide stuation, or one a few years from now when the economy has moved closer to
equilibrium. Méellor (2002b) describes arural public works scheme that offers a strategy for removing
current unemployment.

Despite the importance of the rura non-farm and the urban non-formal sector in employment
generation, data collection underlying the national accounts does not facilitate a separation of the
rurd non-farm sector from agriculture or even the urban non-forma sector from the urban formal
sector. So, while the key parameters offered in tables 1 and 2 are estimates, they represent the most
educated adjustment of urban and rural GDP and employment shares, and sector factor shares.

Table 1

Assumptions on the Share of GDP and Employment, and Factor Shares, by Sub-Sector

Sector % of % of Labor Share Capital Share Land Share Total
GDP Employment
Rural 58 10 32 100
Tradable 40 44
(farm)
Non-tradable 25 46
(non-farm)
Subtotal 65 90
Urban 8 92 0 100
Tradable 32 5
(formal)
Non-tradable 3 5
(non-formal)
Subtotal 35 10
100 100

a see appendix for explanations of these figures.

Sources:  Author’s estimates and see appendix for discussion of sources.
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Table 2

Summing of Assumed GDP, Employment and Factor Shares into Three Sectors, Rwanda

Sector % GDP 9% Employment | Labor Share Capital Share Land Share Total

Rural Tradable 40 44 58 10 32 100
(Agriculture)

Urban Tradable 32 5 8 92 0 100

Non-tradable 28 51 100 0 0 100

Total 100 100

& see appendix for explanations of these figures.

Sources:  Author’s estimates but also see appendix for notes on sources.

GDP Base Proportions

Ministry of Finance and Economic Planning statistics report that 40 percent of GDP is generated in
agriculture (Republic of Rwanda, 2000). The task therefore is to allocate the remaining 60 percent of
GDP to the remaining three sectors.

Micro data for Rwanda collected by Michigan State University provide a basis for estimating the
GDP in the rura non-farm sector. These pre-genocide data show 24 percent of farm gross income is
spent off the farm (Loveridge, 1992). We presume that essentialy all of off-farm spending of the
agriculture sector would be spent on non-tradable, i.e. locally produced, goods. Twenty-four percent
of a sector that constitutes 40 percent of the overall economy trandates into 9.6 percent of GDP (40 *
0.24). In addition, we assume that marketing charges are 30 percent of the value of marketed output
(Loveridge, 1992) and half of that is spent locally. This suggests that an additional 2.9 percent (0.30 *
9.6 * 0.5) of GDP may be attributed to the non-farm sector and bringing the running total to 12.5
percent (9.6 + 2.9). If the rural non-farm sector spends half its incremental income within that sector,
that would provide a multiplier of two, totaling 25 percent of GDP in the rural non-farm sector.

With 65 percent of GDP attributed to the rural tradable and non-tradables sectors, we are left with an
urban sector that contributes 35 percent of GDP. The formal sector is large-scale, capitaltintensive,
and derives income independent of the agriculture sector, and presumably at the margin from exports.
Thus, urban tradable would include the export industries and the sectors directly serving those
industries such as electric power, finance, insurance and the like. In effect, government would be seen
as largely exogenous of agriculture and so it is included in the urban formal sector. In contrast, the
urban non-tradable sector is comprised of labor-intensive, small-scale firms, which produce consumer
goods that are sold exclusively to the domestic market.

We begin with an estimate that 32 percent of GDP may be attributed to the urban, tradable sector. In
addition, we assume that 8 percent of urban income goes to labor (the rest is return to capital

including human capital). Asin the rural economy, we assume that half of urban incomes are spent on
the urban non-tradable sector. Furthermore, as assume again that the urban non-tradabl e sector spends
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half of its own income within the sector. These assumptions suggest that the urban non-tradable
sector represents three percent of GDP (32 * 0.08 * 0.5 * 2=2.6, rounded up to 3).

These estimates are entered in column 1 of table 1. The four sectors in table 1 are summed into the
three sectors of table 2 by combining the two non-tradable sectors.

Employment Base Proportions

The proportion of the labor force employed by the rural sector and furthermore, primarily employed
by the agriculture sector, is reliable. These data have been extracted directly from government
statistics and farm survey data that have received a wide vetting by foreign assistance organizations.
Nevertheless, several adjustments must be made to supply the model with details for each of three
sectors.

First, we assume that al families with more than 0.25 hectares are full-time farmers. Appealing to
Mpyis (2000) we estimate that therefore, that 40 percent of the labor force is engaged in the rural,
tradable sector? Increasing that estimate by 10 percent to 44 percent provides for inclusion of those
working as agricultural laborers as their principa occupation (Mpyisi, 2000). That caculation
provides 44 percent of the labor force as full-time farmers and farm laborers. Thisis arobust statistic
for the purposes of this moddl.

Given the National Income accounts characterize approximately 90 percent of labor as rural, we
assume that the remaining 46 percent of the labor force can be attributed to the rural non-farm sector
(Republic of Rwanda, 2000).

The remaining ten percent of the labor force is dvided equaly between urban tradable and non-
tradable.* Because of the small contribution of the urban sector to employment, the model results are
not sensitive to even substantial departures from an even split of the urban labor force between the
tradable and non-tradable sectors.

These estimates are entered in column two of table 1. Again, the four sectors in table 1 are summed
into the three sectors of table 2 by combining the two non-tradable sectors. Note however that 90
percent of the non-tradable labor force isin the rural sector.

Factor Shares

The constructed GDP and employment shares imply the share of Iabor in production. In the case of
the urban sector where we assume there are only two factors of production, the residual factor share
may be attributed to capital. In the case of the rura sector, as use dightly adjusted estimates from
Clay (2001) of land's factor share, and again attribute the residua to capital.

Thisisasimplification. In reality, some farmers with more then 0.25 hectares practice more extensive
farming and do not contribute all their labor to agriculture. Conversely, on more intensive farming
operations, farmerswith less the 0.25 hectares may be full time farmers.

An even split of employment between the two urban sectorsis not pure convenience. It isin fact informed
by the ratio of the share of employment to the share of GDP assumed in the rural non-tradable sector.
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Income and Price Elasticities

The income and price elasticities of demand for non-tradables of laborers and farmers are taken as 1.8
and —1.0, respectively. In a companion study of Egypt these elasticities were calculated as 1.5 and —
1.25 (Méellor and Ranade, 2002). Data for these elasticities are not available for Rwanda. The estimate
of income elasticity is extracted from household data for Egypt (IFPRI, 1997). Assuming that non-
tradables are normal goods, the budget share of non-tradables would be lower and the elasticity
higher for the relatively poorer Rwandans when compared with Egyptians.

4. Applications

We use our model, which is carefully outlined in the appendix, to consider three scenarios for
Rwanda.

« The base case is to show the relationships from a high balanced growth rate, with rapid
growth in both the agricultural sector and the urban tradable sector. All the other cases keep
all the variables in the base case the same except for one that is specified.

% The second case shows the impact of radicaly slowing the agricultural growth rate by
eliminating technological changein agriculture, all else kept the same.

« The third case radically dows the urban tradable sectors growth by reducing the capita
formation rate to equal the labor force growth rate, else the same.

The key outputs from each of the scenarios are presented in table 3.

Table 3

Key Findings from the Model

Scenario GDP  Wage Rate  Agriculture Urban Non-tradable
growth growth growth Tradable growth
(real) growth
Base 6.7 3.8 4.4 8.5 8.5
I 4.7 0.0 1.3 9.7 3.8
1 5.0 3.7 4.8 2.3 8.5

Sources. Authors' calculations.

In a neo-classica model, all resources are fully employed and move freely and instantly to equate
marginal returns. To the extent that resources move less freely in Rwanda, the growth rate will be
sowed. Thus, these growth rates should be considered upper bounds.

Base Case — Rapid, Balanced Growth

The base case assumes. a 5 percent rate of technological change in agriculture, a 1 percent rate of
growth of the cultivated area, an 8 percent rate of growth of the capital stock, a 2 percent rate of
technological change in urban tradable sector, and labor force growth of 2.5 percent per year.
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The 5 percent rate of technological change is consistent with doubling yields in 14 years. The
fertilizer targets stated in Mellor (2002a) would double yields in much less time (Kelly et. a., 2001).
Rwandan soils are unusually low in nutrients due to years of heavy cropping with little fertilizer use.
Consequently, the soils are highly responsive to fertilizer application (Kelly et. a., 2000).

The World Bank’ s marshland intensification efforts a one provide a 0.5 percent annual increase for at
least five years in cultivated area’ It is then assumed that the massive rural public works program
planned (Mellor, 2002b) plus private activity acting on doservation of the World Bank project will
double the amount of marshland brought into highly intensive cultivation providing a total of a 1
percent rate of growth in cultivated area.

The 8 percent rate of growth of the capital stock is consistent with a roughly 20 percent investment
rate. If, as commonly observed in developing countries, income is 2.5 times the capita stock, then an
8 percent rate of growth of the capital stock is consistent with a 20 percent (savings rate) of income.
Foreign aid may provide much of that capital stock. This optimistic rate of growth for the capital
stock protects against an understatement of the impact of non-agricultura growth.

The growth rates shown in the model are similar to those presented in Mellor (2002a). Notable,
however, is the dower rate of agricultural growth and significantly higher growth in the urban
tradable sector. This is explained in part by the simplifying assumptions of the neo-classical model
and, in particular, by the accelerated growth in the real wage (or employment). In the modd (as
opposed to the estimates presented in Mellor (2002a), higher growth in the non-tradable and urban
tradable sectors is fueled by the shift of labor out of agriculture.

In the three-sector model, the real wage rate grows at 3.8 percent per year in the context a rapid 2.5
percent rate of growth of the labor force. The real wage, and hence the per capita incomes of the
laboring class double in 18 years. In order to compare these results with those presented in Mellor
(2002a), we must trand ate wage growth into employment growth. To do so, we simply add the wage
rate growth of 3.8 percent to the labor force growth of 2.5 percent for implied employment growth of
6.3 percent. With a total labor force in Rwanda of 3 million, 6.3 percent employment growth
congtitutes 189,000 new jobs per year, or more than twice as many new jobs as the Mellor (2002a)
projects. The flexibility of labor markets assumed in the neoclassica case, allows for this increased
absorption of jobs.

Scenario Il - Slowing Agricultural Growth

If one keeps all parameters the same except to eliminate the primary source of growth for agriculture
(that is, to reduce technological change in agriculture to zero), then the rate of growth of GDP
declines by 30 percent and real wage rate growth virtually ceases® In this simulation, the rate of
growth of agriculture declines to only 1.3 percent while the urban tradable sector increases its growth
rate by 14 percent as resources from the technologically stagnant agricultural sector to the urban
tradable sector. Because of the key linkage between agricultural and non-tradable sector growth, even
higher tradable sector growth cannot overcome the devastating effect of dow agricultural growth. The
non-tradable sector ows by 55 percent.

> TheWorld Bank program is technically one of intensification, not new lands, but theiinitial level of

intensity is so low that it is aminor simplification to count this as new lands.

& Thisresult aligns with the empirical findings of Timmer (1997) and Ravallion and Datt (1996).
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Two major points are made by comparing the base case with one of no technological change in
agriculture.

* Firgt, it is clear that agricultural growth is dependent on technologica change. Without it, the
land constraint dramatically reduces the productivity of other resources, which then move to
other sectors.

* Second, agricultural growth is the dominant source of wage rate increases and therefore

improvements in the incomes of the laboring class. If the sources of growth of agriculture are
neglected, then the GDP growth rate dows only modestly but employment growth is virtually
eliminated. A growth strategy that focuses only on the tradable urban sector can lead to
moderately rapid growth of GDP, but the distribution of income will be highly inequitable.

Scenario lll - Slowing Urban Tradable Growth

The last scenario returns to the assumptions of the base case, but assumes laggard capital stock
growth of 2.5 percent. As aresult, growth in the urban tradable sector declines by 73 percent from 8.5
percent to 2.3 percent. Furthermore, GDP growth drops from 6.7 percent to 5.0 percent. Notably, the
growth of real wages remains rapid at 3.7 percent. Thisis a strategy that focuses only on agriculture
and neglects capital stock growth necessary for the expansion of the tradable urban sector. Thus, even
in Rwanda, with its unusually large agricultura sector, an ‘agriculture-only’ strategy provides good
growth in employment and hence improves income distribution, but poor GDP growth.

Note on the Real Exchange Rate

Change in the rea exchange rate is measured by the change in the wage rate and the price of non-
tradables. Thus, a structure of growth that rapidly increases the demand for labor will cause arisein
the real exchange rate. That means that the cost of producing tradables rises and the exchange rate
will have to depreciate in compensation. The domestic price of tradables will rise somewhat. That
will push some consumption back towards the non-tradable sector. That effect is not measured in this
model. The consequence is that the model dightly understates the rise in the demand for labor and
hence the rise in the real exchange rate.

5. Conclusions

Agriculture and industry grow by quite different means. That is primarily because of very different
factor shares in the two sectors. Technological change is the primary source of growth in agriculture;
whereas an increased capital stock drives industry, or the so-called urban tradable sector. Slowing
technological change in agriculture has a devastating effect on the return to labor. Slowing capital
investment has a similarly devastating effect on growth of GDP.

The three scenarios show that while eliminating agricultural growth reduces the GDP growth rate by
30 percent, it virtually eliminates any improvement in incomes of the laboring class. It thus has a
horrendous effect on income of labor, income distribution, and poverty. By contrast, reducing capital
formation tempers the GDP growth rate by 25 percent, but only dightly reduces growth of the real

wage.
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The basic engine of growth in the two tradable sectors — agriculture and urban tradable — is quite
different. Agriculture depends on technological change, which in a small-farmer agriculture scenario
depends, in turn, on the provision of public goods. The urban tradable sector requires capita and
hence the openness of capital markets. In both sectors, openness to international markets is potentially
important. Trade provides a vent for surplus that would otherwise erode prices as output growth
exceeded domestic demand growth. Employment depends largely on the nontradable sector, the bulk
of which is rura. A balanced growth strategy that provides for the needs of each of the sectors is
clearly optimal.

The modd results are based on the assumption that neo-classical conditions prevail. While no
economy, including Rwanda, meets the neoclassical conditions perfectly, the moddl’ s basic dynamics,
in other words the relative performance of sectors and the direction of their effect on employment,
provides hugely useful guidance for policy. What stands out starkly is that technological change,
broadly interpreted, drives agriculture sector growth and, in turn supports employment creation in the
non-tradable sector.

Thus, growth does increase the income of the laboring class, but the structure of that growth, in other
words, what sectors grow, is the dominant determinant of the participation of labor in the growth
process. The structure of growth that benefits labor is one characterized by rapid growth in agriculture
with a strong multiplier effect on the rural non-farm sector.
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Appendix: Model Presentation
Sectors

The economy comprises three sectors. rural tradable, urban tradable and non-tradable. We assume
that the economy is small and therefore must take the price of tradable goods as given.

The rura tradable sector displays a Cobb-Douglas production function with three inputs of production
asfollows:

A= tKALLZO 1)

Where A is the output of the sector; Z, K and L, are, respectively, land, capital and labor inputs; and
a, b and gare parameters. The parameter t, measures technological change in the agricultura sector.

The urban tradable sector aso displays Cobb-Douglas production with two inputs as follows:
Q= thqj L ql_j @

Where Q is the output of the sector; K, and L, are respectively, capital and labor inputs; and j isa
parameter. t, measures technological change.

The output (NT) in the Non-Tradable Sector is assumed to be proportiona to the labor input as
follows

NT =dLy ©)

Where, L isthe labor input and d is a parameter.

K and L are respectively the total capital and the total Iabor inputs exogenoudly given as follows:
L =La+Lg+ Ly and K=K, + K| 4)

Market Equilibrium Conditions

We assume that the four domestic markets in the economy are competitive and that the international
market determines the price of urban and rural tradable goods.

The labor market equilibrium is determined by differentiating Equations (1), (2) and (3) by L., Ly and
L, and equating the margina products of labor, respectively, as follows:

bt.PK " V2LV =Pd =W )
and
btP K" VZILE Y = (1] )t PyK rg L 6

10 Abt Associates Inc.



wherer, = LJL, rq = L¢/L, P, = price of agricultural goods, P, = price of industrial good and P =
price of non-tradable.

Equation (5) shows that the wage rate is directly proportiona to the price of non-tradables.

The capital market equilibrium is determined by differentiating Equations (1) and (2), and equating
the marginal products of capital as follows:

aAtPKLTIZL" = j tPK g LY ©)

The equilibrium in the non-tradable market is given by equating the supply of non-tradable goods and
the demand for it by labor. Only the income to labor and land (as opposed to capita) is used to
consume non-tradable goods. Note that in the agricultural sector the income of laborers is the sum of
return from labor as well as land.

This may be represented as:

NT = Cy (La+ Ly + Ln) + Ci(gb)hL,=dL €5)]
dry = Cy [1+(gb)hry]

where,

e = Ln/L, and C, is the consumption per unit of labor for non-tradable goods, which is a function of
income and prices as follows:

(dC dW) (WIC,; ) = h =income eéasticity of demand for non-tradable goods and
(dCy /dPy) (P/C.) = e = price eladticity of demand for non-tradable goods.

The second term in the second expression of eq. 8 captures the additional consumption of non-
tradables by the agricultural laborers from the income from land.

Comparative Statics

We will now use the modd to study the effects of various exogenous variables like the total capital
stock and labor force, technological changes in the agriculture, industry and non-tradables on
endogenous variables such as K,, Ky, Is g, T, Poe @nd W. In order to do this we logarithmically
differentiate equations (5), (6), (7) and (8) with various exogenous variables. Differentiating these
eguations with respect to the technological change in the agricultura sector t, and after rearranging
the terms we get:

a(dK/dty) (t/Ko)+(b- 1)(dr/dty)(t/rs)
-(dP/dty) (t/ Pr) =1 (9

[a +] (KdKg)]([dK/dt:)(t/Ka) +
(b- 1)(dra/dt)(t/rs) 4 (drgldts)(tr.) =-1 (10

Abt Associates Inc. 11



[-(1-a) - (1] )(KIKI(dK/dt,)(t/K o)
+h(dry/dty) (t/ra) — (1-] )(drg/dts)(tr.) =1 (1)

- (1Y) (A ofolta) (t/7s) —(ro/ ) (@rg/ait) (ta/T2)
-(h + )(dPn/dta) (t/Pnr) =0 ()

The changesin K4, W and r, can be found by using the following equations:

(K /At (t/Ko) = - ([AK St (LK (K LK) (13)
(dWIdty) (t/W) = (dPn/dta) (to/Pr) (14)
dra/dt, = -dry/dt, -dry/dt, (15)

The above equations can be solved simultaneoudly for the changes in 7 endogenous variables,
namely, K, Kq ra Iy e, W and Ry and the values can be found in terms of the parameters and
exogenous variables. The set of solutions are the percentage changes in the values of endogenous
variables with respect to the percentage changes in different exogenous changes and are as follows:

Endogenous Solutions

Variables

Where,

D= (h+e)j (1-a- b)+(rdr)(a-j )

-(ro/rm)[(1-a- b)+((1-] - b)(K/K,)] and
R= r(gb)h/[1+r(gb)h]

CHANGE IN CAPITAL STOCK (K)

Ka (ro/ro) (KIKQ)(-14] +b)/D

Kq K/Kg[1— (rg/ro) (KJ/K)(-14] +b)/D]

ra -(rg/rm)(a-j )/D

rq [(h+e)(1- a- b)j (K/IKy)+(R/ry)(@-]j )/D
P& W (rg/ro)] (- 1+a+b)(K/K)/D

o (h+€)j (rofrm) (K/K,)(-1+a+b)/D

TECHNOLOGICAL CHANGE IN AGRICULTURE (t,)

Ka [(h+€)] - Rirg—rq/r]/D

12
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Kq -[(h+e) - rdra—ro/ra] (KJK)/D

ra [(h+e)] - (rg/r)(K/Kg)]/D

rq -[(h+e)j KJKq) = (RIra)(K/K())/D
Pn&W J [(RIr) = (refra)(KJ/K]/D

ot -(h+€)j [(RIrn) — (rg/r)(K/K))/D

TECHNOLOGICAL CHANGE IN URBAN TRADABLES (t,)

Ka [(h+€)(b- 1)+R/ry +rg/r]/D

Kq -[(h+€)(b- 1)+R/ry +o/tu] (KK )/D

a -(h+e)a + (rg/r) (KIK ;)/D

fy {(h+e)[(1- a- b)- (b- D)(KJ/Kq)]-(RIrx)(K/K )} /D

P& W [(Rirg)a- (rg/f)(1-a- b)+(b- 1)(K{Ko)(rg/re)1/D

o (h+e)[a(R/r) — (1- a- b)(re/ree) + (b- L)(KSK)(rg/r)]/D

LABOR FORCE GROWTH (L)

Ka (1-b- )I(RIre) + (ro/r)]1/D

ra [-(n+e)j (1- a- b)+(re/rn)(1- a- b)(K/K)]/D
rq [-(RIra)(1- a- b)(K/K ) + (h+e)j (1-a-b)]/D
Py & W [(RIr«(rqmn)] (1- a- b)j )/D

Fo (n+€)j (1- a- b)[(R/m)-(re/r))/D

TECHNOLOGICAL CHANGE IN NON-TRADABLE SECTOR (d)

Ka (1-b-j )(1+e)/D
ra (1+e)(a-j )/D
Iq (1+e)[(- 1+a+b)+(b+ - 1)(K/Ky)]/D
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Pr {-(Rlr)(@-] )+(rg/r)[(1- a- b)+(1- | - b)(KJ/K)]
-(1-h)j (- 1+a+h)}/D

ot {-(1+e)(a-j )(ry/rm(R/rw) (1+€)[ (- 1+a+b) (b4 - 1)(K/K)]Y/D

W IH{-(Rir)(@- ] )H(rg/m)[(1- a- b)+(1- ] - B)(K{Ky)]
-(1-h)j (- 1+a+b)}/D

In order to study the impact of the exogenous variables on the endogenous variables over time we
combine al of the changes in the exogenous variables. The period for such an analysis is one year.
The growth rates of endogenous variables are percent per year and are derivatives of time. They are
estimated by plugging in the growth rates of exogenous variables in the combined equations. Such
growth rates are then compounded to estimate effects for longer period. During the andysis we
assume that the parameters, such as, the factors shares, income and price elasticities do not change.
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